SUMMARY Fatty acids characteristic of ruminant-animal fat have been found to be present in significantly lower proportions in samples from the depot fat of persons dying of ischaemic heart disease (cases) than in specimens from persons dying of unrelated causes (controls). Although such acids are also present, in lesser amounts, in hydrogenated marine oils, this case-versus-control difference is difficult to explain other than on the basis that controls consumed a higher proportion of ruminant-animal fat in their total dietary fat than did the cases.
showed that in Great Britain mortality from arteriosclerotic disease is highest in those areas and those social classes which consume the highest amounts of industrially hydrogenated fats (HF) and the lowest amounts of total butter fat.
We have demonstrated2 that subject to certain conditions the mean composition of depot fat in a sample drawn from a known population reflects in detail the composition of the fatty diet of that population except that dietary 16:0 and 18:0 acids are to some extent desaturated to 16:1 and 18:1 respectively.
We decided, therefore, to continue these studies and to examine whether the body fat of persons dying.
of ischaemic heart disease (IHD) contains a higher proportion of HF and a lower proportion of ruminant-animal fat (RAF) than the body fat of those dying of unrelated causes.
The analytical problem was to identify those particular fatty acids characteristic of HF and RAF, and whereas difficulties remain, transunsaturated acids and certain odd-numbered and branched-chain acids would appear to serve the purpose.
We have shown2 from analysis of British margarines purchased in 1976 that the hard materials contained on average about 50% hydrogenated marine animal or fish oil (HMO) and 20% hydrogenated vegetable oil (HVO) which was mostly palm oil. Softer margarines which have become more popular in the United Kingdom in recent years were found to contain on average 30% hydrogenated vegetable oil, mainly soya, and only about 5% HMO. The rest of the material was natural unhydrogenated land-animal or vegetable fat which made up about 30% of the hard margarines and 65% of the soft margarines. Amounts of land-animal fat in UK margarines are small, about 15% on average.
Marine oils hardened to margarine specifications (HMO) contain, according to source, between 30% and 50% of C2o and C22 acids, largely mono-enoic. These acids are present in traditional fat sources, but at a low level. In HMO, transunsaturated acids form about 50% of the material, the greater part of which is unsaturated C2o and C22 acids. We therefore decided to carry out a case-control study of the proportions of the various fatty acids in the body fat depots of decedents who had died of IHD compared with those who had died from other causes.
Methods
Adipose tissue specimens from the anterior wall near the umbilicus were supplied through the courtesy of the Medical Research Council Epidemiology Unit (South Wales). Cases consisted of male decedents dying from ischaemic heart disease (ICD 8th revision, categories 410 to 414); deaths in the same areas and of the same sex and similar age dying from unrelated causes were used as controls. All decedents were men who showed no evidence of wasting, and deaths from cerebrovascular disease or malignant neoplasms were excluded. The specimens, obtained by pathologists co-operating with the study at post-mortem examination, were transported in dry ice and stored in our laboratory in sealed containers at -200C.
The proportions of the various fatty acids were measured by gas-liquid chromatography and the total of transunsaturated acids (T) was measured by infrared spectroscopy.2
Results
A total of 231 specimenswas available from 10 areas; 136 were from deaths attributed to ischaemic heart disease, and 95 from deaths attributed to the control group. The number of cases and controls in each area and the mean values for L, T, T/L with their standard errors are shown in The difference in mean L was on the border of significance and although the difference in T was not significant the difference in mean T/L was so.
Discussion
In the UK only about half of the consumption of HF is derived from retail margarines and hydrogenated cooking fats; the other half is derived from cakes, biscuits, pastries, and potato crisps or similar products bought as such. This has the effect of reducing individual variation in consumption of HF and so there is unlikely to be a large difference between cases and controls. Nevertheless, despite the small numbers involved and the slight differences seen, it is possible to come to some general conclusions. Let us first consider the proportion of L in the specimens, which is to an extent indicative of RAF. The mean proportion of L was higher in the specimens from controls than in those from cases. This difference was on the margin of conventional significance (t= 1*93 p-005). One explanation is that the controls consumed a higher proportion of RAF in their total fat intake from all sources. A second possibility is that the controls and cases consumed similar amounts of RAF, but that the excess L in the controls was derived from HMO. It should be remembered that vegetable fats have zero L content whether hydrogenated or not. But the ratio T:L for HMO is around 15 compared with about unity for RAF. So if the controls had consumed a higher proportion of HMO they would also have had a large excess of T. In fact, however, the mean value of T/L for the controls (2.03) is significantly lower (t=1.98, p<005) than for the cases (2.25) so the excess L could not have derived from HMO.
A third possibility is that the consumption by the two populations of both RAF and HMO is similar but that the excess L in the control population is due to .higher consumption of pig and poultry fat. However, since only 0*3% of the 2.8% of L usually derives from pig and poultry fat, to remain consistent with the above difference in T/L (0.22), the increased consumption would have to be substantial-over 100% higher-which seems very unlikely.
We conclude, therefore, that controls probably consumed on average a higher proportion of L in their total dietary fat than did the cases, and that these acids derived essentially from RAF with possibly a minor contribution from non-ruminant animal fat.
Secondly, let us consider the total transunsaturated acids, T, the proportion of which is lower for controls Leo H. Thomas and R. G. Scott than for cases although the difference is not statistically significant (t= 1I 04 p >0.05). These transunsaturated acids may be derived from RAF and from HF but since amounts in the former fat are lower than in the latter, a greater intake of HF relative to RAF should result in higher T. It is unlikely, therefore, that the controls would have a lower intake of RAF.
Thirdly, consider the ratio R. The mean proportion of 16:0 is significantly higher and the mean proportion of 18:0 significantly lower for the cases than for the control specimens, and this difference in molecular weights would be further accentuated if 16:1 and 18:1 were included. Consequently the ratio, R=(16:0+16:1)/(18:0+18:1) is significantly higher for the cases (t=2.83, p<001). Although this difference supports the view that the type of fat consumed might be implicated in the incidence of IHD, interpretation in terms of consumption of the various types considered in this paper is difficult. Thus whereas it is true that values of R for RAF (around 0 6) and pig fat (0 5) are substantially lower than the values for hydrogenated marine oils (1 1 to 1*4 according to source), the majority of vegetable fats are low in C16 and have very low values of R (0.2 to 0.4) whether hydrogenated or not. It is clearly not possible to conclude from this result alone which material is responsible for the observed differences. It would, however, be difficult to argue in view of these ratios that the observed higher value of R in the cases could be due to a higher consumption of animal fat (ruminant plus pig fat) and lower consumption of HF; if this were so, we would also expect L to be higher for the cases, yet the mean value of L is higher for the control group.
Fourthly, although we have found the proportion of 18:2 in depot fat to vary between 3'7% and 15 ' higher acids' Ischaemic heart disease at the level consumed in the UK are harmful in themselves. In view of the claims by several authors that erucic acid, and probably 20:1 cis, are associated with damage to heart muscle, and that long-chain Cto to C24 saturated acids are atherogenic, a breakdown of our variable H into its components would seem desirable.
In fact our analyses show that the higher acid composition of depot fat is remarkably constant from area to area and between cases and controls for each of the 'higher' acids 20:0, 20:1, 20:2, 22:0, and 22:1. The one explanation for this' might be that the differences of composition from one marine source to another cancel out with time due to the technical requirement to produce blended products of consistent physical properties.
Our results therefore show no differences between cases and controls for any particular higher acid, and do not lend any support to the above claims. But it should be added that, with the possible exception of 20:1, the individual components are present in very small amounts: thus 22:1 and 22:0 each make up on average somewhat less than 1% of the total fatty acid content of adipose tissue. Again, about 90% of higher marine unsaturated acids is in the transconfiguration, unlike the cis 22:1 and cis 20:1 of rapeseed oil.
Finally, the degree of mono-unsaturation is determined principally by the proportion of 16:1 plus 18:1 which together account for 52% of the total spectrum. There are also minor contributions from the mono-enoic content of 'higher acids' (65%) and L (44%). The figure for total degree of mono-unsaturation is seen to be virtually identical for case and control specimens.
A curious feature is that for case and control specimens, 16:0 content is positively correlated with 16:1 and negatively with 18:0 contents. It appears therefore that a self-regulating mechanism is involved which tends to buffer the overall degree of unsaturation. The implication of this result is at present under consideration.
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We conclude, therefore, that there were differences in the type of body fat between cases who had died from arteriosclerotic disease and controls who died of other causes, and that these differences suggest that the cases may have consumed a higher proportion of hydrogenated fats and a lower proportion of ruminant-animal fat than did the controls.
